Purpose: Staghorn renal stones are a challenging field in urology. Due to their high recurrence rates, particularly those associated with an infective process, a complete removal is the ultimate goal in their management. We report our experience with a combined approach of laparoscopic pyelolithotomy and endoscopic pyelolithotripsy, the stone clearance rate, and long-term, follow-up outcomes. Methods: From June 2012 to October 2014, nine adult patients with large staghorn renal calculi (mean size, 7.2 cm; range, 6.2-9.0 cm) underwent a combined laparoscopic and endoscopic approach. The technique comprised laparoscopic pyelolithotomy and holmium-YAG laser stone fragmentation with the use of a flexible cystoscope introduced through a 12 mm trocar. Results: The average operative time was 140 min (range, 90-190 min). The mean estimated hemoglobin loss was 0.6 mmol/l (range 0.5-0.7 mmol/l). None of the patients required an open-surgery conversion. The mean hospital stay was 4 days (range, 2-6 days). A computed tomography urogram control at 6 months of follow up did not show any stone recurrence. Conclusions: Laparoscopic pyelolithotomy combined with endoscopic pyelolithotripsy could be a therapeutic option in cases where mini-invasive procedures, that is, extracorporeal shock wave lithotripsy, ureteroscopic lithotripsy, and percutaneous nephrolithotomy (PCNL) have failed. This technique has a high stone-clearance rate (75-100%) comparable with open surgery and PCNL. However, it could be technically demanding and should be performed by skilled laparoscopy surgeons.
Introduction
The management of staghorn renal stones is still debated and represents a challenge in urology. The success rates and widespread application of endourological, percutaneous, and ureteroscopic techniques have limited the open surgical nephrolithotomy to cases with complex staghorn calculi. Minimally invasive techniques such as percutaneous nephrolithotomy (PCNL) and extracorporeal shockwave lithotripsy (ESWL) might have limited efficacy in preventing stone recurrence and frequently require multiple operative sessions [Matlaga and Assimos, 2002; Esen et al. 1994; Assimos, 2001; Paik et al. 1998; Melissourgos et al. 2002] . Staghorn stones associated with an infective process, in particular, have a high recurrence rate and a complete removal is the ultimate goal in their management [Lingeman et al. 2007 ]. Simforoosh and colleagues, in a large case series, have reported laparoscopic anatrophic nephrolithotomy (LAN) as an alternative for managing large staghorn calculi [Simforoosh et al. 2008] .
Currently, laparoscopic pyelolithotomy (LP) is advisable for large renal pelvic calculi, but should be limited for capacious extrarenal pelves [Nambirajan et al. 2005 ].
Herein we report the feasibility and outcomes of our experience on a combined LP and endoscopic pyelolithotripsy technique for large staghorn calculi in nine patients with monolateral intrapelvic staghorn calculus more than 6 cm in size, and present the therapeutic and follow-up outcomes. , 2000) . A local ethical committee approval was obtained (ASL Lt/ no.131568/2012). Written informed consent was obtained from all patients. Three of these patients, with complicated staghorn calculus and previous unsuccessful PCNL, preferred laparoscopic stone removal to a second percutaneous lithotripsy. The remaining six patients, in whom percutaneous access had failed, opted to undergo LP after a detailed description of all possible surgical and minimally invasive options. Preoperative evaluation included a routine urinalysis, renal function test, and an intravenous urogram to assess the stone burden and shape. In particular, the renal pelvicalyceal anatomy was evaluated with regard to the extension of the stone into the infundibulum, configuration of renal pelvis (degree of intra-/extrarenal component), and the degree of hydronephrosis. All the patients had a negative preoperative urine culture and received a single dose of broad-spectrum antibiotic prophylaxis. The patients had no history of ipsilateral upper urinary tract surgery for stones except one, who had had an endoscopic ureteral lithotripsy. Postoperative evaluation included ultrasound for all patients, and computed tomography urography (CTU) until the patient was stone free. Treatment outcomes were assessed by being stone free on CTU performed 1 month and 6 months after the combined surgical approach.
Patients and methods

Description of the technique
First the patients were placed in a lithotomy position. Using a flexible cystoscope and C-arm fluoroscopy, a retrograde pyelography was performed to evaluate the anatomy of the upper urinary tract, stone number, location, and concomitant pathology (such as tumors and distal strictures). Subsequently the patient was moved to the slight flank position with the ipsilateral side rotated by approximately 30 degrees. The transperitoneal approach was used to maximize the working space and anatomical orientation.
Next, the patient was rotated to the full flank position, and using a 14 gauge Veress needle, a pneumoperitoneum was established and maintained at 12-15 mmHg throughout the procedure. After insufflating the abdomen, three ports were placed in the midline, namely, a 10 mm trocar (1 cm lateral to the umbilicus for the camera), a 5 mm trocar (between the xiphoid process and umbilicus), and a 12 mm trocar (between the umbilicus and pubic symphysis).
The renal-colic ligaments were released from the abdominal wall, and the colon medially reflected to expose the uretero-pelvic junction (UPJ). The proximal ureter was identified by following the psoas muscle, and the renal pelvis and hilum, along with the UPJ. The renal pedicle was not clamped. After exposing the renal pelvis adequately, a 2-3 cm incision was made on the pelvis using a cold blade. Next, the upper portion of the renal pelvis was held open using noncrushing graspers, a flexible cystoscope was introduced through the inferior laparoscopic port and pyeloscopy performed under direct vision. Subsequently the staghorn calculi were identified and fragmented with the holmium-YAG laser, 400 μm fiber (Medilas H20, Dornier Medical Systems, Inc., Marietta, GA, USA). Cystoscope fluid irrigation was used to flush out the stone dust in the calices, and laparoscopic suction/irrigation system and/or grasping forceps used to remove the smaller stone fragments from the renal pelvis or retroperitoneum. After an accurate suctionirrigation of the renal pelvis (to wash out further tiny stone particles), a double-J ureteral stent was inserted through the renal pelvis into the bladder. At the end of the procedure, a fluoroscopy control was performed in order to check the correct stent positioning, the complete stone particles removal, and to prevent any loss of stones or fragments in the abdominal/retroperitoneal space. Finally, the renal pelvis was closed using a 3-0 absorbable barbed suture in a running fashion. The Foley catheter was removed 24 h after the operation, and the suction drain (inserted through one of the port sites) was removed when its daily output decreased to less than 20 ml. The double-J ureteral stent was removed under local anesthesia 4 weeks later and the complete removal of stones was confirmed by postoperative fluoroscopy. Herein, we report the two most representative cases.
Case 1
A 44-year-old White woman was admitted to our hospital with a diagnosis of complete left ureteral detachment after gynecological surgery for hysteroannessiectomy, and contralateral 8.2 cm staghorn calculi diagnosed by the CTU (Figure 1 ). The patient previously underwent two endoscopic left ureteral rendezvous and after 30 days underwent the combined laparoscopic and endoscopic technique to remove the staghorn calculi ( Figure 2 ).The intra-operative abdominal X-ray showed no residual stones. The patient was discharged after 5 days. At 6 months, the right kidney showed a normal excretory phase at CTU check.
Case 2 A 66-year-old White man, with three previous endoscopic procedures for left recurrent ureteral cystine stones, was admitted to our hospital for a 7 cm left staghorn calculus located in the renal pelvis, as shown by the CTU. The patient underwent the combined laparoscopic and endoscopic technique to remove the staghorn calculi. The patient was discharged on the third postoperative day, and the ultrasonographic check showed complete stone removal.
The CTU scans performed 6 months after the surgery showed complete stone clearance.
Results
The results are summarized in Table 1 . The mean operative time was 140 min (range, 90-190 min). The mean estimated hemoglobin loss was 0.6 mmol/l (range, 0.5-0.7 mmol/l), and no patients required blood transfusion. The mean hospital stay was 4 days (range, 2-6 days). The mean stone size was 7.24 cm (range, 6.20-9.00 cm). No intra-and postoperative complications occurred. After calculus removal, the stone culture resulted negative in all cases, except one in which Escherichia coli was isolated and treated according to the antibiogram.
At 1 month of follow up, the stone-free rate was 80% as shown by CTU scan, and only one patient developed a 9 mm residual stone of the lower calyx, which was subsequently treated with ESWL. The CTU control performed at 12 months of follow up did not show any residual stone.
Discussion
The surgical management of urinary stone disease has evolved from an open surgical approach to various minimally invasive options. Despite reports of safety and feasibility, LP to treat renal stones is still not clearly defined, partly because PCNL and ESWL are well-established, minimally invasive, and effective treatments. The indications for LP are essentially the same as for open surgery. However, due to the high success rates of minimally invasive procedures, open surgery is now considered a last resort mainly due to its higher morbidity. The choice of treatment might depend on the surgeon's decision, experience, and instrument availability [Nambirajan et al. 2005] . Some patients in whom previous ESWL and/or PCNL had failed might still require open surgery, and in recent years the laparoscopic approach has reported the same results with a significant morbidity reduction and rapid recovery [Nambirajan et al. 2005; Meria et al. 2005 ].
LP is not a common procedure but provides the benefits of a minimally invasive treatment. The most accepted clinical indications for LP are large single renal stones and the concomitant management of renal anomalies such as UPJ obstruction or ectopic kidney [Stein et al. 2008; Srivastava et al. 2008 ].
Since LP is more invasive and less cosmetic than PCNL, it is not considered as the standard in the field of urinary-stone disease. Recently, some studies have reported favorable results using LP, with stone-free rates of 88.9-100% in managing solitary renal pelvic stones [Al-Hunayan et al. 2009 , 2011 Tefekli et al. 2012] . A recent metaanalysis which evaluated 7 nonrandomized controlled clinical trials (a total of 363 patients) compared the efficacy and safety of LP with PCNL for the management of large renal pelvic stones [Wang et al. 2013] . It revealed a longer operative time and hospitalization for LP. This might be due to the lesser popularity of LP among urologists compared with the PCNL technique, which is widely distributed and well established. LP is safe and minimizes blood loss and postoperative fever, compared with PCNL [Tefekli et al. 2012; Goel and Hemal, 2003 ]. The lower incidence of bleeding might be explained by the lower risk of injury to the renal parenchyma from LP when compared with PCNL. Furthermore, LP has a high stone-clearance rate [Wang et al. 2013 ]. The other safe and effective laparoscopic procedure reported for large stone burden is LAN. Kaouk and colleagues, in 2003, first demonstrated the feasibility of LAN in a porcine model [Kaouk et al. 2003] , and Deger and colleagues reported the first case of LAN in a human in the same year [Deger et al. 2004 ]. Simforoosh and colleagues published their five case series with LAN in 2008 [Simforoosh et al. 2008] . Although they confirmed the feasibility of LAN, only three patients (60%) were completely stone free. LAN involves clamping of the renal hilum and incision of the renal parenchyma, which is associated with loss of functional parenchyma and possible subsequent renal insufficiency. Gieselman and colleagues reported a case series of eight patients with staghorn calculi, concluding that LAN is feasible and effective, but should be limited to complex stones requiring multiple renal access tracks and secondary procedures [Gieselman et al. 2012] . Despite the proven efficacy in open procedures, further investigations with long-term follow up are necessary before recommending LAN. Furthermore, the large stone burden would have made the surgery nearly impossible to perform with a reasonable warm ischemia time. To overcome this difficulty, several case series have evaluated LP with encouraging results [Srivastava et al. 2008; Al-Hunayan et al. 2009 , 2011 .
Our case series is the first describing a combined technique with laser lithotripsy in more than 6 cm staghorn calculi. The laparoscopic approach combined with percutaneous ultrasonic pyelolithotripsy in a pelvic kidney was first reported by Eshghi and colleagues in 1985, and has been performed many times since then [Eshghi et al. 1985] . El-Kappany and colleagues, in 2007, presented one of the largest related series [El-Kappany et al. 2007] . They treated five patients using laparoscopy-assisted percutaneous nephrolithotomy (LAP) with an 80% stone-free rate. Although LAN represents an effective option for these patients, LAP has the advantage of avoiding vascular complications secondary to renal parenchyma puncture. However, it remains more time consuming and technically challenging. Ureteroscopic lithotripsy (URS) and PCNL are the favored treatments for a large stone burden, but require multiple access sites or procedures, which can have consequences. LAP could be an alternative therapeutic option when endoscopic procedures, ESWL, URS, and PCNL have failed. Our case series also confirms that LAP has a high stone-free rate (75-100%), comparable with open surgery and PCNL. Thus, in patients refractory to traditional mini-invasive procedures, laparoscopic surgery can be an alternative therapeutic option.
As reported by Nadu and colleagues, in a recent review on laparoscopic management of urinary stones, endourology has revolutionized the treatment of urinary calculi. However, in several particular cases characterized by anatomic anomalies, extremely large stone burdens, or a combination of them, the success rate of endourology can significantly decrease. The open classic surgical approach in these cases could efficiently address both the large stones and associated malformation in one single procedure. Although open surgery remains an effective alternative, laparoscopy might represent a feasible option with the additional advantages of minimally invasive surgery. In this review the authors conclude that although classical endourological procedures should remain the gold standard for the great majority of renal stones, patients with large stone burdens and underlying malformations might benefit from a combined laparoscopic and endourological procedure solution [Nadu et al. 2009 ].
In our limited experience, the combined laparoscopic and endoscopic approach had a satisfactory stone-clearance rate, and showed no stone recurrences at long-term follow up (12 months). However, this technique is time consuming (mean operative time, 140 min) and should be performed only by skilled laparoscopic surgeons, as it is technically demanding.
Conclusion
Our case series shows that the combined laparoscopic and endoscopic technique for the removal of large staghorn calculi is feasible and repeatable, with a stone-free rate similar to open surgery. We recommend this surgery in patients refractory to traditional mini-invasive procedures, as an alternative therapeutic option, to be performed in well-equipped operating theaters and by experienced hands.
